Introduction: Only few reports concerning the efficacy of commonly used strategies for preventing upper limb occupational disorders associated with prolonged typing exist. Purpose of the Study: We aimed to investigate whether the duration of typing and the use of 2 strategies (hand rest and wrist support) changes muscle physiological response and therefore the electromyography records. Methods: We enrolled 25 volunteers, who were unfamiliar with the task and did not have musculoskeletal disorders. The subjects underwent 3 prolonged typing protocols to investigate the efficacy of the 2 adopted strategies in reducing the trapezius, biceps brachii, and extensor digitorum communis fatigue. Results: Typing for 1 hour induced muscular fatigue (60%-67% of the subjects). The extensor digitorum communis muscle exhibited the highest percentage of fatigue (72%-84%) after 1 and 4 hours of typing (1 hour, P ¼ .04; 4 hours, P ¼ .02). Fatigue levels in this muscle were significantly reduced (24%) with the use of pause typing (4 hours, P ¼ .045), whereas biceps brachii muscle fatigue was reduced (32%) only with the use of wrist supports (P ¼ .02, after 4 hours). Trapezius muscle fatigue was unaffected by the tested occupational strategies (1 hour, P ¼ .62; 4 hours, P ¼ .85). Discussion: Despite presenting an overall tendency for fatigue detected during the application of the protocols, the assessed muscles exhibited different behavior patterns, depending on both the preventive strategy applied and the muscle mechanical role during the task. Conclusion: Hand rest and wrist support can successfully reduce muscle fatigue in specific upper limb muscles during prolonged typing, leading to a muscle-selective reduction in the occurrence of fatigue and thus provide direct evidence that they may prevent work-related musculoskeletal disorders.
Introduction
Work-related musculoskeletal disorders (WMSDs) arise from movements, such as bending, gripping, holding, twisting, and typing. 1 These common movements are not particularly harmful in the ordinary activities of daily life, although some work patterns may act as risk factors to development of WMSDs. Relevant risk factors include fixed or constrained body positions, continual movement repetition, force concentrated on small parts of the body, and work pace that does not allow sufficient recovery between movements.
1,2
The upper limb and shoulder region are particularly susceptible to musculoskeletal disorders due to repetitive work, 3, 4 and the popularization of computers has led to an increase in the number of cases of WMSDs associated with typing. 1 The neck and upper limb muscles contract during typing, using chemical energy from sugars and producing byproducts, such as lactic acid, which are eliminated in the blood. 5 If this task is sustained and muscle contraction is maintained for a long time, the ability to supply and use oxygen to and by the muscles is compromised. Consequently, the substances produced by the muscles accumulate and are not eliminated fast enough. 6 This causes muscular fatigue, which is defined as a decrease in functional capacity to perform physical actions and/or to produce and maintain required force. 5 Thus, muscle fatigue in prolonged typing arises from the sustained activation of motor units in postural neck and upper limb muscles, resulting in metabolic overload. Muscle fatigue plays an important initiating role in musculoskeletal disorders, which progress in stages from mild to severe. During the early stage, pain and fatigue of the affected limb occur during the work shift but disappear at night and during days off. With progression, pain, fatigue, and weakness persist at rest, resulting in severe reduction of work performance. 7 Studies have shown that patients with WMSDs have increased muscle activation and fatigue earlier during a task than healthy controls. 8 In addition, there is evidence supporting the important contribution of altered muscle activation patterns in symptomatic computer users. 9 Healthy adults actively adjust their motion strategies to likely counteract muscle fatigue while fulfilling task requirements, and evidence suggests that higher levels of muscle activity during work represented higher risks for developing WMSD. 10 Surface electromyography (sEMG) has been identified as a useful diagnostic tool to assist the ergonomic aspects of the work place and also for identifying muscle fatigue in WMSDs. 9, 11, 12 In brief, sEMG recordings of muscle electrical activity during the performance of repetitive tasks, such as typing, enable assessment of the behavior of motor units and can detect the presence of muscle fatigue, a major indicator of myo-osteoarticular overload, which in turn causes WMSDs. 13, 14 Therefore, we believe that laboratory studies increase the precision in estimating exposure-load relationships that can be used to help the development of healthy musculoskeletal work environments. Hence, sEMG offers an approach well suited to explore physiological responses and discomfort at the computer. Fatigue is known to be reflected in the sEMG signal as an increase of its amplitude and a decrease of its characteristic spectral frequencies. 5 Increases in action potential amplitude and changes in the order of motor unit recruitment contribute to increases in root mean square (RMS) values. 15 When muscle fatigue sets in, the amplitude of the median frequency (MDF) power spectrum increases and shifts to lower frequencies due to motor unit recruitment, decreased action potential firing rate, and desynchronization, or reductions in their conduction velocity. 15, 16 These variations are considered to represent physiological strategies that compensate for functional loss by recruiting additional fibers to maintain muscle activity close to the required threshold. 5, 15 Luttmann et al 17 proposed the method of joint analysis of spectra and amplitudes (JASA) as a new method to assess fatigue of muscular activity because it simultaneously considers the changes in the EMG amplitude and spectrum throughout the task. Therefore, one great advantage of the JASA method is that the subjects do not have to interrupt the task intermittently to perform isometric contractions, such as the maximum voluntary contraction (MVC) test. 17 In addition, sEMG data are plotted together as a pair of parameters representing the slopes of both parameters (RMS and MDF) used in EMG analysis. Previous studies have measured the degree of muscle fatigue in several work-related tasks involving the use of computers to assess the occurrence of fatigue-related pain. 12, 18 Some of the variables considered in previous studies included body posture at the workstation, 2, 19 the use of keyboard and forearm support, 20 work rhythm, 21 mouse use, 20 force applied, 6 and wrist deviation relative to the middle line. 1 However, few studies have assessed muscle fatigue induced by typing, particularly by prolonged typing, in a systematic and ecological manner while taking occupational strategies, such as supports and stretching pauses, into consideration. One exception was the study by Lin et al, which assessed the extensor digitorum communis (EDC) and flexor digitorum superficialis muscles in individuals subjected to a 2-hour typing task and observed fatigue in 80% of these subjects; in addition, the EDC was the most susceptible muscle to fatigue. Authors used the JASA method and attested that it allows investigators to infer reasonable representations. 22 In another article, Kim and Johnson 23 indicated that 6 hours of keyboard, mouse, and combined mouse and keyboard use caused temporal fatigue-related changes in the physiological state, but their focus was only in the flexor digitorum superficialis muscle. These results support the need for more scientific research in the area because several questions remain unanswered. First, the upper trapezius (Tz) and biceps brachii (BB) are important muscles from the most prevalent regions affected in WMSD, and unlike EDC, they have rarely been investigated during prolonged typing in the laboratory. In addition, how the duration of typing affects the onset of fatigue is not well answered (i.e., when it begins, increases, or adapts?). Thus, we used 3 different prolonged typing protocols in the present study to simultaneously investigate the occurrence of fatigue in 3 muscles by using sEMG. We also used a modified JASA 17 as an analytical tool to allow for a more precise diagnosis of muscle behavior. We hypothesized that prolonged typing will change the muscle activity, with increase of the sEMG amplitude and a decrease of its frequencies, demonstrated in pairs by the JASA method. In addition, we also hypothesized that this will occur from the first hour of typing for the 3 muscles because they are recruited to sustain the posture and execute the task, regardless of intervention. Finally, we believe that the interventions of rest breaks and wrist rests will be effective in reducing muscle fatigue in all muscles. If these modifications occur, the present study may provide some physiological evidence to help understand the efficacy of the strategies in the occupational environment.
Materials and methods

Participants
We selected 30 right-handed female volunteers 24 who used a computer less than 4 hours per week, between 20 and 30 years old, and are employed in the private municipal service of the city. Females were recruited because the prevalence of complaints in the neck and upper extremities is reported to be approximately twice as high among women than among men. 25 Furthermore, there is mounting evidence that upper extremity force, muscle activity, and postural factors differ between the sexes. 24 Participants were presented to the research proposal, and they signed an informed consent form to participate in this study. The study was approved by the ethics committee of the University of Amazônia (#0375/2005). All data were collected by a physiotherapist with 11 years of professional experience and were securely saved in hard drives at the Laboratory of Human Motricity Studies of the university. Only authors had access to the files. From the initial sample, only 25 participants completed all steps of the research, and their data were included in the analysis. After medical assessment (performed by a doctor, consisting of anamnesis and orthopedic physical examination) and a typing speed test, we included subjects who were able to type a minimum of 20 and a maximum of 40 words per minute. Prior professional experience in task execution was an exclusion criteria because of the variability commonly found in the method trained people use while typing and because of the high prevalence of musculoskeletal disorders that affect this population. 21 Individuals diagnosed with any musculoskeletal disorders 12 months prior or those who reported the presence of typical WMSD symptoms were excluded from the study.
Surface electromyography
The activity of the upper trapezius (Tz) fibers, biceps brachii (BB), and EDC muscles was recorded by using an EMG device (Emgsys 30306; EMG System do Brasil, Brazil), with a sampling rate of 2 KHz and a frequency spectrum of 20 to 500 Hz. The participants' skin was prepared for Ag/AgCl electrodes (MedTrace 200, Kendall, Canada) using Nuprep (Weaver and Company, Aurora) and alcohol. The active electrodes were placed on the muscles at 20-mm intervals, and the reference electrode was placed on the spinous process of the seventh cervical vertebra based on the orientations proposed by the Surface Electromyography for Non Invasive Assessment of Muscles guidelines. 26 Shaved areas of skin guaranteed that the electrodes were consistently placed over the repetitive experiments. Before the typing protocols, the participants were subjected to 3 isometric resistance tests lasting 5 seconds each, with 1-minute rest intervals, to assess the MVC of each muscle. This was repeated daily before starting the protocol. The MVC data were used to normalize the results. 22 
Typing procedures
The keyboard was placed at a 15 angle relative to the desk, and a digital goniometer (Gonitometer; EMG System do Brasil) was placed on the elbow joint to monitor the amplitude of flexion movements between 85 and 95 . 11, 27 The chair height and screen distance were adjusted based on each participant's height. Researchers checked and ensured that their postural angles while typing ranged within the following: trunk inclination, 90 -95 ; shoulder flexion, 100 -115 ; shoulder abduction, 0 -20 ; elbow flexion, 85 -100 ; ulnar abduction, 0 -3 ; and wrist extension angle, 0 -15 . The participants were subjected to 3 prolonged typing protocols performed randomly on different days, with at least 2-day intervals between sessions. In protocol A, the participants were requested to type a standard text for 4 hour without wrist support or pauses. In protocol B, wrist supports were added, and in protocol C, 10-min resting pauses were introduced every 30 minutes of typing (subjects had no obligations or tasks during this rest and had no wrist support). In protocol B, we used a keyboard wrist gel-made support that redistributes pressure points for softening support and improving circulation, according to the manufacturer (Clone, Brazil).
The participants' subjective feeling of muscle fatigue was scored using the CR-10 Borg scale, 28 after the end of each protocol. They were instructed to rate local pain or fatigue in upper limbs, starting from 0 (considering 0 as their score before starting the task) to number 10 (where the symptoms are maximal). They were asked the question: "How much pain or muscle fatigue do you feel right now?" A 30-inch screen (30-inch Apple Cinema Display, Apple Inc, CA) was used with split windows for reading and typing to avoid the need to turn, bend, or extend the head. 21 
Data analysis
Nine epochs of 60-second activity were recorded every 30 minutes, starting form the first minute until the end of the for 4-hour duration of the protocols. Analyzing short intervals of EMG recordings, obtained from a prolonged activity, is a strategy commonly used in the literature to reduce the amount and size of the data. 5, 29 Custom-written MATLAB scripts (Matlab 2008a, MathWorks Inc, Massachusetts, EUA) were used to calculate the RMS and MDF of each recording, which were then linked together offline to create a single 150-second (3 epochs of 60 seconds) and 540-second (9 epochs of 60 seconds) recordings, representing 1 and 4 hours of typing, respectively. The angular coefficient (b) values were calculated using linear regression and were used to plot the graphs depicting muscle behavior, as described in the JASA method. An example is shown in Figure 1 .
sEMG data were expressed as a pair of parameters representing the slopes of the RMS and MDF, as previously proposed by Luttman et al. 17 With this method, both EMG characteristics are considered, representing muscle behavior based on the quadrant methodology as follows ( Fig. 2 ):
Quadrants I (increase in both RMS and MDF) and II (decrease in the RMS and increase in the MDF) indicate an increase in muscle force, followed by adaptation of the involved muscles. Quadrants III (increase in the RMS with decrease in the MDF) and IV (decrease in both RMS and MDF) indicate decrease in force produced, followed by muscle fatigue.
Because the amplitude and spectral shifts are considered simultaneously to discriminate between force-related and fatigue-induced EMG changes, time-related EMG changes can be assigned to different categories, such as fatigue, recovery, force increase, or force decrease. A negative temporal change in MDF may be obtained from fatigue or from decrease in force recovery. In addition, temporal increase in RMS may result from an increase in the force production over time or from fatigue. If both EMG characteristics are considered jointly and we observe temporal changes in the RMS accompanied by a decrease in the MDF, we have a signal of physiological failure, represented in the lower quadrants.
17,22
Statistics
The percent distribution values of the participants based on the JASA plot quadrants (I ¼ increase in muscle force; II ¼ adaption of the involved muscles; III ¼ decrease in force produced by the muscle; and IV ¼ muscle fatigue) were calculated and transformed into equivalent areas by using a custom-written MATLAB script, which analyzed each area as a square in the corresponding quadrant, thus, facilitating muscle activity interpretation over time.
The differences among the protocols were assessed using the chi-square or Fisher's exact test. The significance level was established as P < .05 in all analyses.
Results
Transformation of the data points distributed in quadrants of areas proportional to the corresponding percentages of participants, as indicated in the JASA method, allowed clearer and precise assessment of muscle behavior during protocol execution. At the end of each protocol (A, B, and C), that is, after 4 hours of typing, the participants rated their subjective feeling of fatigue. The results showed that they attributed high scores for all protocols in the Borg scale, with no difference among the protocols (9.3 AE 0.6, 9.2 AE 0.8, and 9.1 AE 0.7 for protocols A, B, and C, respectively). This score for fatigue was expected because typing the same standard text (with no relevant information) 3 times, for 4 hours, was exhausting, and even many subjects did not agree to participate. 30 Five participants dropped out in the middle of the first protocol or did not return to perform the second protocol. The Tz muscle exhibited a tendency for increased fatigue after both 1 and 4 hours of typing in protocol B because the percentage of subjects that fell on lower quadrants increased from 48% to 60% and 48% to 52%, after 1 and 4 hours, respectively (Tables 1 and 2 ). However, none of the protocols exerted a significant influence on the development of fatigue in this muscle (1 hour, P ¼ .62; 4 hours, P ¼ .85; Fig. 3 ). The BB muscle exhibited the opposite behavior, particularly in protocol B, as fatigue decreased significantly after 4 hours of typing with the use of wrist supports (P ¼ .02; Fig. 4) . The EDC muscle exhibited the highest percentage of fatigue (subjects in lower quadrants) after both 1 and 4 hours of typing in all 3 protocols, (1 hour, P ¼ .04; 4 hours, P ¼ .02). In protocol C, which included several resting pauses throughout the task, EDC fatigue exhibited significant reduction after 4 hours of typing (P ¼ .05; Fig. 5 ). These results confirm our hypothesis that the method and duration of the activity interferes with the response of some muscles.
The number of participants allocated to quadrants III and IV, which reflects the total percentage of fatigue, exhibited considerable reduction when wrist supports and pauses were introduced, both after 1 and 4 hours of typing. Comparison between protocols A and B showed 16% and 22% reduction in the fatigue percentage after 1 and 4 hours of typing, respectively (Tables 1 and 2 ). Similar results were obtained on comparing protocols A and C because the percentage of fatigue decreased by 17% and 24% at the 1-and 4-hour assessment, respectively (Tables 1 and 2 ). However, no significant difference was found between protocols B and C because the percentage of fatigue decreased by 1% and 2% at 1 and 4 hours, respectively (Tables 1 and 2) .
Moreover, the length of the typing task did not exert a significant impact on the development of fatigue. Considering all muscles together, after the first hour of typing, fatigue occurred in 67%, 61%, and 60% of the subjects (protocols A, B, and C, respectively). This scenario continued until the end of the 4 hours, with 65% of fatigue in protocol A, 53% in B, and 51% in protocol C (P > .05). Thus, data in Table 1 did not differ from those in Table 2 , both on separate comparison of each muscle or overall. 
Discussion
In the present study, we assessed whether the inclusion of strategies such as hand resting pauses and wrist support could interfere with the development of fatigue during the performance of a prolonged typing task. We hypothesized that the duration of typing, and the use of different strategies to perform it, changes the muscular physiological response, and the EMG records, and our results strongly confirm this hypothesis. For this purpose, protocols consisting of 1-and 4-hour periods of typing were applied, and the electromyographic activity of the Tz, BB, and EDC muscles were evaluated. We also included a more rapid and precise technique to assess muscle behavior by transforming the dots on the JASA plot quadrants 17 into proportional areas. With this method, we assessed the variation in RMS and MDF simultaneously, which is a better way to assess muscular fatigue compared with the conventional one that measures the muscular force generation capacity. 31 Based on the definition of the JASA plot, fatigue was present in most of the subjects (up to 51% muscles) after the first hour and continued until the end of the 4 hours, which indicates that fatigue sets in rapidly after only a single hour of activity. Typing activity wherein the working musculature is fatigued can only be performed for a limited period due to its physiological demand; after that, force cannot be produced any longer. In addition, the loss of accuracy of movements leads to postural compensations and use of inappropriate positions in the workstation. 4 Thus, quantifying the time for developing typing without reaching the fatigue state that disables the person from continuing the activity with the necessary precision and without postural overload is necessary. Our result, from a practical point of view, helps to demonstrate that performing typing activity leads to muscle fatigue in the upper limbs even after the first hour and thus is a risk factor to WMSDs. Literature shows that repeated movements for periods more than 1 hour may impair circulation, with the potential for causing ischemic injury to musculoskeletal tissues and peripheral nerves. 32 Moreover, worker discomfort, perceived local fatigue, and upper limb pain are the first indicators of the eventual severe implications that may appear for activities performed throughout a typical 6-to 8-hour work shift. 7 Despite this overall tendency for fatigue detected during the application of the protocols, the assessed muscles exhibited different behavior patterns. In addition, comparison of protocols B and C relative to protocol A showed that the corresponding strategies contributed to reduce muscle fatigue development during typing.
The EDC muscle exhibited the highest fatigue percentages in all 3 protocols, which may be explained by the demands to which that muscle was exposed in all 3 protocols, as well as to the preponderance of type II muscle fibers in its constitution. 33 Besides, the results corresponding to the activity of the EDC muscle showed progressive reduction in muscle fatigue during the protocols that included support or pauses. Particularly, the reduction in the activity of the EDC muscle in protocol B may be related to the increased wrist angulation during extension induced by the support 34 and because the EDC muscle must maintain the finger posture against gravity, it is quite susceptible to muscular fatigue compared to others. 22 Comparison of the muscle activity at 1 and 4 hours found unremarkable differences between protocols A and B. However, protocol C exhibited a 24% reduction in muscle fatigue compared with protocol A. Therefore, the inclusion of pauses was more effective at reducing muscle fatigue in the EDC muscle compared with the support use. EDC fatigue requires attention because carpal tunnel syndrome is one of the most prevalent computer-related WMSDs. 35 Positions and movements of extreme wrist flexion, particularly in conjunction with nonneutral compensative forearm pronation-supination, contribute to increases in carpal tunnel pressure and tensile or compressive loading of the median nerve. 36 When this disorder requires surgery, it can result in direct medical costs at $10,000 per patient, with a mean of $2948 per claim. Furthermore, it may lead to prolonged worker absenteeism and permanent disability.
37
A similar response was exhibited by the Tz muscle, as the inclusion of pauses also reduced the percentage of muscular fatigue, based on the JASA plots. However, neither wrist supports nor pauses reduced the level of Tz activation in our experiments. We expected the Tz muscle to exhibit greater resistance to fatigue in all 3 protocols because it contains a larger number of type I fibers.
38,39
The Tz muscles could also have been recruited by the upper limb support because it also participates in neck movements. 18 Inadequate posture while typing increases the electromyographic activity of the Tz muscle, as well as of the forearm flexors and extensors due to involuntary shoulder elevation, particularly in the absence of wrist support. 13, 40 There is strong evidence that high levels of static contraction or extreme working postures involving the neck/shoulder muscles increases the risk for neck and shoulder WMSDs. Consistently high ORs were found in a review of the literature (12 statistically significant studies with ORs more than 3.0), providing evidence linking tension neck syndrome with static postures or static loads. 41 Our results support the need to investigate other strategies to prevent Tz from fatigue because it was not responsive to hand pauses or wrist support. In the case of the BB muscle, the use of support was associated with a considerable reduction in the fatigue percentage, and this intervention proved more effective than the inclusion of pauses. These findings were expected because the main function of the BB muscle is to support the upper limbs. In addition, forearm flexion to 90 also contributed to these findings by reducing the continuous contraction of the BB muscle, 42 thus pointing to the relevance of the workstation design for optimizing muscle activity. 38 Thus, forearm supports were particularly associated with significant reductions in the electromyographic overload activity of BB. The use of wrist support is an important strategy for reduction in the risk factor to elbow WMSD. Britain sources for statistics stated that 3 in 10 cases WMSDs reported were elbow diagnoses. This research supports that typing performance over a long period demands considerable effort. As it is a task performed by most workers, and in function of the high levels of absenteeism associated with WMSDs, these disorders threaten employees because it contribute to elevate medical costs and long-term disability.
According to the US Bureau of Labor Statistics, WMSDs accounted for 32 percent of all injury and illness cases in 2014, and its economic impact nationwide is between $45 and $54 billion 41 annually. In Great Britain, WMSD prevalence in the same year was 553,000 of 1,243,000 for all work-related illnesses, 44% of the total. An estimated 9.5 million working days were lost due to WMSDs, a mean of 17 days lost for each case. 43 Therefore, implementing effective ergonomic programs to reduce the incidence of these often debilitating disorders is important. Considering this background, some companies are currently offering various products and services to solve or minimize these problems, including various wrist support models, ergonomic interventions at the workplace, and workplace exercise programs. The use of such interventions is in line with epidemiologic data concerning occupational risk factors. 33 The effective design of ergonomic tools, equipment, processes, and work spaces can reduce the risks and occurrence of WMSDs.
The results of the present study suggest that the adopted strategies may be effective for work positions that demand fatigue-inducing tasks. However, an hour typing was enough to elicit fatigue, whatever the strategy, which suggest future direction concerning the ability to assign maximum typing duration and other strategies to reduce the risk of WMSDs. Hence, we believe that EMG changes provide useful information regarding the early manifestations of neuromuscular fatigue and thus should be used to predict the endurance time for typing in future studies, as previously performed in simple monoarticular isometric contractions researches.
Conclusions
We found that, during prolonged typing, BB muscle fatigue was reduced using wrist supports, and EDC muscle fatigue was reduced with the use of hand resting pauses, as measured by the JASA analysis of EMG data. Tz muscle fatigue was, however, unaffected by these 2 occupational strategies. Our study thus confirms that the use of wrist supports and hand resting pauses can successfully reduce muscle fatiguedand putative WMSD riskdin specific upper limb muscles during prolonged typing.
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